Radiotherapy (RT) is one therapeutic option for localized prostate cancer (PC) and a dose-response relation has emerged between biochemical disease control and total RT dose (1-4). Clinical and experimental studies demonstrated that prostate adenocarcinoma has a lower α/β ratio than many other malignancies (average about 1.5 Gy; range=0.8-2.2 Gy), suggesting hypofractionation is an optimal treatment strategy for these patients (5). With highly conformal treatment techniques such as intensity-modulated radiotherapy (IMRT), radiation to normal tissue (particularly the rectum) is reduced and its adverse effects are minimized, so that doses can be escalated to the target volume and hypofractionated schedules employed.
Radiotherapy (RT) is one therapeutic option for localized prostate cancer (PC) and a dose-response relation has emerged between biochemical disease control and total RT dose (1) (2) (3) (4) . Clinical and experimental studies demonstrated that prostate adenocarcinoma has a lower α/β ratio than many other malignancies (average about 1.5 Gy; range=0.8-2.2 Gy), suggesting hypofractionation is an optimal treatment strategy for these patients (5) . With highly conformal treatment techniques such as intensity-modulated radiotherapy (IMRT), radiation to normal tissue (particularly the rectum) is reduced and its adverse effects are minimized, so that doses can be escalated to the target volume and hypofractionated schedules employed.
The most common acute rectal complications, which occur in up to 25% of patients, are changes in bowel habits, mild or moderate urgency, diarrhea-like stools, fecal incontinence and bleeding. Since there is mounting evidence that acute damage is linked to late toxicity (6) (7) (8) (9) , identifying the factors predictive of acute toxicity could improve the patient's quality of life during and after RT and could help clinicians tailor treatment in accordance with the patient's personal characteristics.
In acute rectal toxicity, the role of dosimetric variables is quite well understood and a solid set of dose-volume constraints and logistic curves estimating the associated risk of rectal injury are readily available (10, 11) . The same consensus does not apply to the impact of clinical variables such as age (7, (12) (13) (14) , and androgen deprivation (15) (16) (17) (18) , while concomitant medication with 3-hydroxy-methylglutaryl coenzyme-A reductase inhibitors (statins) or antihypertensive drugs seems to have a protective effect (9, (19) (20) (21) .
The present study aimed to investigate the impact of these clinical factors along with dosimetric variables on the risk of developing acute rectal toxicity in patients with localized prostate cancer who received IMRT.
prostate adenocarcinoma, stage cT1-3 and clinically negative lymph nodes. The pre-operative workup included history, focusing on medications for cardiovascular comorbidities, clinical examination, serum prostate-specific antigen (PSA) and a transrectal prostatic ultrasound scan. Pelvic magnetic resonance imaging was performed to define prostatic capsule invasion and seminal vesicle (SV) involvement. In patients with additional risk factors, abdominal computed tomography (CT) and bone scintigraphy were performed to investigate lymph node status and to ruled out bone metastases respectively. Short/long course hormonal therapy with a luteinizing hormone-releasing hormone analog, an anti-androgen or both were prescribed on the basis of adverse prognostic factors (Gleason Score ≥7 and/or basal PSA ≥10 ng/ml and/or T stage ≥2b).
Treatments. All patients were treated in the supine position and immobilized by knee and foot support (Combifix ® , CIVCO Medical Solutions, Orange City, IA, USA). An urethrography was performed in all to identify the prostatic apex. A computed tomographic scan without contrast (3 mm slice thickness and step) was acquired with full bladder (half liter of water was drunk by the patient 45 minutes before the scan). Images were transferred to a treatment planning system (Pinnacle ® ; Philips, Fitchburg, WI, USA); the clinical target volume (CTV) and organs at risks (OARs) were contoured. OARs were the rectum, contoured from the anal canal to the recto-sigmoid junction; the femoral heads; and the bladder. The CTV was the prostate. CTV2 included SV in patients with cT3b stage or risk of SV involvement (>15% according Roach's formula). The whole pelvis was never irradiated. The planning target volumes (PTV1 and eventually PTV2) consisted of the CTVs plus 1 cm in all directions except at the prostate-rectal interface, where the margin was 0.5 cm. All patients were treated with a 5-field IMRT (one antero-posterior, two anterior oblique, and two posterior oblique) using photons delivered by linear accelerator (Varian Clinac ® DHX; Varian Medical Systems, Palo Alto, CA, USA).
A moderate hypofractionated regimen delivered a prescribed dose of 74.25 Gy in 33 fractions (2.25 Gy/fraction) to the prostate and to the SV when involved. When the SV risked involvement, 62 Gy in 33 fractions (1.879 Gy/fraction) was administered. OAR dosevolume constraints were: V38 <60%, V57 <40%, and V66.5 <25% (that is the volume receiving >38, 57 and 66.5 Gy, respectively) for the rectum; V62 <50% (that is the volume receiving >62 Gy) for the bladder; and V47.5<10% (that is the volume receiving >47.5 Gy) for femoral heads.
Acute rectal side-effects, graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 (22), were monitored weekly during RT and at 1 and 3 months posttreatment. Late rectal side-effects and disease status were monitored every 4-6 months for the first 5 years, and then annually.
Statistical analyses. The Shapiro-Wilk test assessed the normal distribution of data. Due to their asymmetric distribution, the MannWhitney U-test was used to compare continuous variables and the chi-square test with Yates' correction to compare categorical variables. Spearman's rho correlation coefficient analyzed data for correlations. Multivariate logistic regression models were fitted to predict acute toxicity, incorporating all the variables that gave a pvalue of 0.25 or less in univariate analysis (23) . Goodness of fit for the logistic regression models was checked using the Hosmer and Lemeshow test. Odds ratios (ORs) with 95% confidence intervals (CIs) were also calculated.
All calculations were carried out with IBM-SPSS ® version 22.0 (IBM Corp., Armonk, NY, USA). A two-sided p-value less than 0.05 was considered significant.
Results
The patient's characteristics and dosimetric data are given in Table I Medications for cardiovascular comorbidities are described in Table II . The majority of patients (137/195; 70.26%) were taking anti-hypertensive drugs, most in combination therapies; 42 patients (27.69%) were taking calcium channel blocker and 55 patients (28.21%) statins.
In univariate analysis, potential predictors for acute rectal toxicity analyzed were: age, prostatic volume, irradiation volumes, rectal dosimetric parameters (mean rectal dose, V25, V38, V66.5, V57), use of anticoagulants, angiotensinconverting enzyme inhibitors, angiotensin II receptor antagonists, beta blockers, calcium channel blockers, diuretics and statins. In multivariate analysis, age, rectal V66.5, irradiation volume, and use of calcium channel blockers, angiotensin II receptor antagonists and statins were analyzed.
Univariate analysis showed that statin and calcium channel blocker administration significantly reduced the rate of acute rectal toxicity (Table III) , while multivariate analysis confirmed that only statins were an independent protective factor. Increasing age emerged as an independent risk factor (Table IV) 
Discussion
In the present study, a moderate hypofractionated IMRT schedule with a 2.25 Gy single dose, was administered. A low acute rectal toxicity rate, prevalently grade 1, was observed. Other than the fractionation schedule (24, 25) , the toxicity potential depends on many variables, such as dosimetric parameters (10, 11) and concomitant treatments such as hormone therapy (15) (16) (17) and medications for other conditions (9, (19) (20) (21) . In our patient series, no significant correlation emerged between acute rectal toxicity and dosimetric variables, which may have depended on our adherence to dose constraints that were adjusted for our hypofractionation schedule (V38 <60%, V57 <40% and V66.5 <25%). Generally speaking, grade 2 or more rectal toxicity is related to maximum doses ≥60 Gy (11) . More specifically, it is significantly reduced when 15% of the rectum receives under 70 Gy (V70 <15%) or when 10% receives under 75 Gy (V75 <10%) (26) (27) . Consequently, some authors proposed a set of constraints, in conventional fractionation, which were associated with a significant reduction in acute rectal toxicity: V60 ≤40%, V40 ≤65%,V70 ≤15% (28) .
In the present univariate analysis, both use of calcium channel blockers and of statins were associated a lower incidence of acute rectal toxicity, but in multivariate analysis only statins maintained their protective effect.
RT-related toxicity might be reduced by some specific classes of drugs, such as statins and calcium channel blockers (9, (19) (20) (21) . The statin-related drop in rectal cancer toxicity might be due to their anti-fibrotic, anti-inflammatory and anti-thrombotic effects, which were demonstrated in vitro and in vivo (19) . On the other hand, the protective effect of calcium channel blockers could be linked to an imbalance in calcium homeostasis which is produced by radiation injury, to their antioxidant properties and to their counteracting RT-induced endothelial damage (20) .
No significant correlations were observed in our study between neoadjuvant/concomitant hormonal therapy and acute rectal toxicity. Although the role of hormonal therapy in rectal toxicity remains controversial (15, 17, 18) , the time interval between starting hormonal therapy and RT was postulated to play a major role. Zelefsky et al. showed that neoadjuvant hormonal therapy reduced prostate volume, thus reducing the target volume significantly and enhancing sparing of OARs (29) . On the other hand, although occurring mainly in the first 3 months, hormone-induced shrinkage of prostate volume was hypothesized to take up to 12 months after starting hormonal therapy. As the prostate shrinks, OARs move and a larger proportion of healthy rectal wall volume risks being included in a too high isodose, leading to rectal toxicity (15) .
Rather controversially, acute rectal toxicity correlated significantly with advanced age in our cohort. On the contrary, Jereczek-Fossa et al. showed a significant increase in acute rectal toxicity was linked to age ≤65 years in 973 patients who underwent RT for prostate cancer (7). Other reports suggested age had a marginal predictive role and was not associated with an increased incidence and grade of acute rectal toxicity (12) (13) (14) . Explanations that may account for all these diverse findings is that the biological age, co-morbidities and the effect of lifestyles vary greatly from one individual to another. Furthermore, different patient selection criteria and data analysis systems may have been used in the various studies.
Conclusion
In the present prospective observational study, a homogeneously treated cohort of patients with prostate cancer received a moderate hypofractionated IMRT schedule. The close adherence to dose constraints and statin administration were associated with a low incidence of acute rectal toxicity. Future prospective studies on larger cohorts of patients with prostate cancer are needed to define the role of statins as protective agents against acute rectal toxicity and so improve stratification of patients at risk of chronic sequelae since a correlation has emerged between acute and late toxicity rates (6-9).
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